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Evaluating the Improvement in DNA Fingerprinting
Abstract
DNA fingerprinting is a forensic technique used to create patterns that are unique to a person’s DNA.
Previously, these fingerprints were made from 13 different segments of DNA, but today they are made
from the 20 ones. The fundamental principle of counting is used to determine how much of an
improvement was made after adding the 7 additional DNA segments. It is found that this addition greatly
reduces the likelihood of two people having the same exact fingerprint, therefore improving the accuracy
and reliability of DNA fingerprinting.
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PROBLEM STATEMENT
In 2017 the FBI added 7 more sites to how a DNA fingerprint is generated. How much did it
improve our ability to differentiate between DNA samples?

MOTIVATION

From paternity tests in criminal court cases, DNA fingerprinting is a crucial part of DNA
analysis. A DNA fingerprint is composed of sections of human DNA that show more variation
from one person to another. These sections of DNA, known as minisatellites, are used to create
unique patterns known as a DNA fingerprint. A DNA fingerprint can be used to link DNA left at
a crime scene to a suspect. If the patterns made from both sets of DNA are identical, it is safe to
say that they came from the same source. This technique can also be used for paternity testing. A
child’s DNA fingerprint will consist of patterns from the mother as well as the father. Analyzing
the patterns between the mother, child, and a few potential fathers provides insight on a possible
match. A DNA fingerprint was made up of 13 different minisatellites, or short tandem repeats
(STRs), however, in 2017 the FBI increased the amount of minisatellites used to 20. This
increase rather improved the accuracy of DNA fingerprinting, but by how much.

MATHEMATICAL DESCRIPTION AND SOLUTION APPROACH

Produced by The Berkeley Electronic Press, 2021

Undergraduate Journal of Mathematical Modeling: One + Two, Vol. 12, Iss. 1 [2021], Art. 1

2
Each minisatellite can be anywhere from 10-60 base pairs long. To simplify things, we will
assume that each site is 10 base pairs long. This means that a DNA fingerprint with 13 sites
(minisatellites) consists of 130 base pairs, and the one with 20 sites consists of 200 base pairs.
Half of each base pair can be any one of the 4 bases: adenine, cytosine, thymine, or guanine.
DNA will be made up of these bases in any combination possible. The fundamental principle of
counting can be used to calculate the total number of possible combinations and it is given by:
n1 * n2 * … * nk ,

(1)

where 𝑛𝑙 (l=1,..., k) is equal to the number of possible choices for the corresponding base pair,
and k is equal to the total number of base pairs.

DISCUSSION
DNA Fingerprint with 13 Sites:
In this case, each 𝑛𝑙 = 4 in (1), i.e., it is equal to the number of possible choices for each base
pair, and k =130 is equal to the total number of base pairs. This leads to 4130≈ 1.8527*1078
different possible combinations. The probability of a person having any one of these
combinations is 1/(1.8527 ∗ 1078 ). Thus, the possibility of two people having the exact same
DNA fingerprint is (1/1.8527 * 1078) * (1/1.8527 * 1078), or 1/(1.8527 * 1078)2≈ 2.9 ∗ 10−157 .
DNA Fingerprints with 20 Sites:
As in the previous case, the number of possible choices for each base pair 𝑛𝑙 =4, but the total
number of base pairs k =200 in (1). This results in 4200≈2.5823*10120 different possible
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combinations. The probability of a person having any one of these combinations is 1/(2.5823 *
10120). Thus, the possibility of two people having exactly the same DNA fingerprint is
1/(2.5823 * 10120)2≈ 1.5 ∗ 10−241 .

CONCLUSION
Adding 7 new sites to the composition of a DNA fingerprint greatly reduces the chance of two
people to have the same fingerprint, thus improving its overall reliability in paternity testing and
court cases. The possibility is decreased from 2.9 ∗ 10−157 to 1.5 ∗ 10−241 that is, at least, in
1084 times. This, however, is an overestimation. In the considered case each minisatellite was
composed of 10 base pairs that could appear in any combination. In real life, each minisatellite is
composed of a pattern of base pairs that repeat any number of times. The results of the previous
calculations do not take into account the repeating patterns, or that different sites can have
different numbers of repeats. For a more accurate answer, the author recommends to take these
variables into consideration.
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